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1. INTRODUCHON

Since phonology was established as a component within the generative radigm of lin istics there
has been discussion about how it relates to honetics —see, for examp e, Cha ter 7 of t e Chomsky
and Halle classic The Sound Pattern of English [1]. There are at least two possi 1e views.

- Phonology describes the same data as phonetics, but whereas phonetics models physical detail
phonology models abstract relationships between units within the data. These units are defined
within the general framework of linguistic theory.

- Phonology stands logically prior to phonetits; the output of its processes provides the input to
phonetics. Phonetits itseltisaprocessingcornponent producinganoutput.Themodelcanbestatic,
involving no temporal relationships (the usual View in linguish'cs), or it can be dynamic The
dynamic view is often taken when the theory is used to support work in an allied area, for example
in speech technology, where temporal as well as logical relationships between processes are
important.

The position has often been taken, for example in [1], that honetic processes are not really
linguistically important, and that by the time the output ofphono 0 has been reached all linguistic
processing is complete. In this ap roach phonetic realisation o phonological ’requirements' is
thought 0 asa passrve process irwo vingno cognitiveprocessing,and therefore introducing nothing
new of linguistic interest.

There has however been a trend recently toward a more phonetic approach to honology [2] [3],
and a greater awareness among phoneticians oi the abstractions of phonolog [4 and why they are
necessary. This paper discusses ow ARTlCULATORY PHONOLOGY might han le some phonetic data
[5], dealing with some problems that the data points up in the theory.

2. ARTICULATORY PHONOLOGY

Proposed first by Browman and Goldstein [3], ARTICULATORY PHONOLOGY sets out to unity phonet»
' ics and phonology by treatin them as 'low and high dimensional descriptions of a single system’

[6]. The aim is partly achiev in the claim that the constraints of the physical system underlie the
phonological system, and partly by making the units of control at the planning level the same as
those at the physical level. The idea is to b in the distinctions between phonolo and phonetics,
that is, between the planning and execution of an utterance. The phonolo y rovrdes an in ut to a
TASK DYNAMIC MODEL of speech production [7]. The utterance plan w ic is in ut to t e task
dynamics takes the form of a gestural score (examples of which are shown later in ig.3).

A gestural score sets out the locations and degrees of constrictions within the voml tract, as well as
their timing during the progression of the utterance. The sequencing of gestures and their durations
are critical to the score, as are the timing relationships between the various tract variables involved.
The tract variables themselves are descri tive parameters of the vocal tract which can be manipu-
lated in the TASK DYNAMIC MODEL by t e involvement of arliculator groupings. The variables

Proc.l.O.A..Vol 16 Part 5 (1994) ' 171  



 

  

  
    
   

    

     

  
       

    

     
     

    

  

Proceedings of the Institute of Acoustlcs

Tatham — THE SUPERVISION OF SPEECH PRODUCTION ‘

include. for example, lip aperture, location and degree of tongue tip constriction, location and de ee ‘
of tongue bod constriction, velar aperture, glotta aperture, etc. So, the score for the utterance o the
sin le sound a] might show that for a certain time the tongue body constriction is to be in the area
of t e pha and wide, with the velara erture closed to prevent nasality, and the glottis closed to
allow voca cord vibration; other tract variables may or may not be specified.   

[Throughout this paper the term closed glotth refers to a state of adjustment of vocal cord tension
suitable for spontaneous vibration to occur given the current subglottai air pressure. The term open
glotlis refers to lack of vocal cord tension]

The gestural score, however, remains a plan. That is, it is abstract and is not intended to bea description
of actual vocal tract movements, For this reason score gestures are represented as discrete rather than
continuous.

  

1n the TASK DYNAMIC MODEL gestures have a functional goal (the task) which is achieved b
coordinative structures [8]. These are internally communicating groupings of articulators or their
underlrying musculature. It is rirnarily the expression of functionality which gives the model its
phone ogical perspective,and t e task specification which gives it its phonetic perspective. Each task
is independent (though related functionally to other task(s) via the gestural score), the dynamic aspect
of the model bein the control of movement towards articular physical goals. The focus of the model
is on the task itse rather than on the parts of the articulatory system involved in executing the task.

~ 3. SOME PHONETIC DATA— I

 

   Fig.1 shows data from an experiment which simultaneously recorded intraoral air ressure and
electromyo raphic (EMC) signals from the lip musculature during the production of bila ial stops [9].
The data is rom examples of the utterances u pun and a burr. The tracings, from top to bottom, are   

     
  
  
   

   

   

I intraoral air pressure (low pass filtered at 50Hz),
- smoothed (Ems effective integration time) surface electrode EMG from m. orbicularis on‘s (responsfl'ile

for lip closure), m. quadrants labii (superiin and inferiori) and m. mentalis combined (responsible for
lip opening),
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FigJ a pair (to the leit) and a burr (to the right) — trom top to bottom, and for each utterance: inlraoral air
pressure, rectified and smoothed EMG ol the lip musculature. and audio.

 

   

      172 Proc.l.O.A. Vol 16 Part 5 (1994)



  

Proceedings of the Institute of Acoustics

Tatham —'l'HE SUPERVISION OF SPEECH PRODUCTION

- the associated acoustic signal (to Sid-{2).

For illustrative purposs the examples were chosen to have almost identical closure times for the
stops, but in all respects they are very typical of the 75 examples of each utterance provided by the
speaker of southern British English. Vertical lines on each example show the moments of closure
and opening of the lips for the stops.

Note in the example of u purr

I intraoral air pressure shows a sharp rise at the moment of closure — A

- some voml cord vibration is visible in the pressure curve after closure — B

0 following stop release pressure falls sharply for about 30ms before levelling off to reach zero by
about SOrns. Levelling off correlates with onset of vocal cord vibration — C

O there is EMG activity (from m, arbicularis on's) for at least 50m before lip closure — D

- mo activity (from m. orbicuhns art's) reachs its post-closure low a few milliseconds before closure
release, as the other muscls inuease activity to achieve lip opening— E

- EMG activity from the opening muscles continues about BOms after release -— F
0 two cycles of vocal cord vibration are visible in the waveform after lip closure — G

o vocal cord vibration associated with the vow21 is visible in the waveform about 45m after the
release of [p] — H.

And note in the example of a bun

- intraoial pressure rises with closure, though the angle of rise is less than in a pun —l

- vocal cord vibration '5 visible during the first three-quarters of the closure period —J

0 pressure falls sharply for about Ems following release, reaching zero shortly after— K

0 except for its peak amplitude (and its timing with respect to moment of closure) the mo signal is
similar to that associated with n pun; for the 25 samples of data there was no significant difference
in peak amplitude of the EMGsignal hetweenn purr and n lmrr _

I live cycles of vocal cord vflaration are visible in the waveform after lip closure — L

- vibration following the release is visible in the audio after less than lOms — M.

The differences in amplitude and tinting of the peak of the EMG signal are explained by the natural
variabi lit often observed in EMG signals [10]. This 1973 study concluded that from the point of view
of muscu ar tension in the lips (the primary articulator associated with bilabial stops) there was no
significant difference between [p] and [b].

Two intraoral air pressure events are of interest here:

0 in a bun, the modulation of the signal throughout with vocal cord vibration, and

o the lower peak amplitude reached during the [bl closure — peak amplitudes for lb] and lpl in the
entire data set being in a ratio of 111.75.

In [bl vocal cord tension and the pressure drop across the glottis are such that vibration has been
sustained during most of the closure — even though the audio shows no morethan half a dozen
cycles. Because of this glottal vibration a simple binary descri tion of the glottis here would be closed
(rather than open). Equally clearly the glottis would be descn as open during the closure for [pl
despite the overhang of vibration associated with the preceding vowel.

The acoustic si al shows the characteristic delay in vocal cord vibration for the vowel followin
3;] in English. his is usually eréplained by the fact that although the glottis is described as clos
uring this period the pressure ifferentia below and above the vocal cords, fora given vocal corrl
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tension, is insufficient for vibration to begin. It does so when the su ra-glottal pressure has fallen to
the correct level. The coarticulatory effect is due also to the ra idly l{idling pressure and the fact that
the fall often terminates in an oscillatory effect involvin cyc es of negative pressure (not visible in
this example). Glottal vibration must wait not just for t e right supra-glottal pressure but for the
aerodynamic system to regain stability following these oscillations.

Usker and Abramson [1 11 referred to the time elapsing between the release of the plosive consonant
and the onset of vocal cord vibration associated with the following vowel as VOICE ONSEI' TIME —
vo‘r. V01" has a positive value here: it is a measure of the ’delay’ inthe onset of the vocal cord vibration
associated with the vowel. A VOT of zero would indicate that vocal cord vibration beg-ins simultane-
ously with the plosive release, and a negative VOT would indicate a vibration onset before release, or
’pre—voicing’ .

But why was there not such a dela following [b]? The answer is that the pressure differential and
delay before normalisation were di all from those associated with [ ]. The due to the explanation
lies in the shape of the intraoral air pressure curve during the closure: t e eak is reached earlier than
it is with [p], and there is a significant pressure downturn before release. hat is claimed here is that
in addition to the fact that during [b] the glottis is closed the speaker is doing something special to
reduce the intraoral air pressure

I to keep the vocal cord vibration going as long as possible during closure, and
a to keep it going into the vowel, or at least to get it restarted as soon as possible after the release of

the stop.

In other words the aerodynamic coarticulatory effect observed in association with [p] is here being
constrained — the DYNAMIC SPEECH SCENARIO is being supervised. We shall return to these concepts
after the next set of data.

4. SOME PHONEI'IC DATA — lI

Fig.2 shows waveforms (to SkHz) of the French utterances um um: and um: batmz, and the English
utterances a pan and a ban. The examples illustrated are from a arge data set and have been selected
because their bilabial stops have simtlar closure durations; this is sim I for illustrative purposes to
enable ali nment of closure and release of the stops. They are nevert e ess typical examples from a
speaker 0 French and a speaker of British English, and the observations below are tnie for examples
with differing closure durations. This is contemporary data.

We can compare what is hap ening to vocal cord vibration surrounding the stop consonants in all
four utterances. Of course, t ere are differences between the two languages which constrain the
comparison — the vowels in the nouns have different articulatory and acoustic properties, the
‘pronounced’ e-muet of wt: is not the same as the English word a, and the rhythmic systems of the
two languages are different. Despite these facts I believe the comparisons to be made are valid.

Notice in the acoustic signal for me panne

0 there is some overhang of vocal cord vibration into the closure phase of the stop — A
O vocal cord vibration associated with the vowel begins shortly (around lOms) after the stop release;

note, though, that the vibration itself has around a lOms period — B.

I And in the acoustic signal for a pan

- there is perhaps one cycle of vocal cord vibration overhang into the closure — C V
- vibration associated with the vowel is delayed by around 40-50m5 following the release — D.

Notice in the acoustic signal for we bmum
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H92 French une panne, une banne (to the left), and English span, a ban (to the right) — audiosignais.

a audible vocalcord vibration continues at least three quarters of the way through the closure phase
of the stop — E v

0 following release, one vocal cord cycle may be lost or interrupted — F.

And in the acoustic signal for a butt

a vocal cord vibration extends about two cycles into the closure — G

0 following the stop release there is around lOms delay in vocal cord vibration onset, though the
period 0 the following vibration is itself about IOms— H.

We note then that [plan is different from [pln and that [blEng is different from [b]|=.-. But we also
note that as far as the data presented here is concerned there are enough similarities between [blEng
and [NH to set up a cross-language descriptive acoustic phonetic model ased on three rather than four
objects. These are: [1315.13, [blEns/[plrn and [NFL English uses the first two to realise the phonologiail
contrast between /p/ and Ibl. whereas French uses the second two for its Ipl-l'b/ contrast. We might say

that these acoustic realisations are part of the set of goals of speech production in the two languages.

If we do this however we hide at what stage in speech production processing the functional identity
of /P/En and /P/Fr. and lb/Blg and /b/r=. switches from a two-object system to a three—object
s stem. ’Phe previous data involvrn intraoral air pressure measurements pointed toward glottal
c osure during [b] in English, and ' this is so, then it is certainl the case (even from the acoustic

data) that there is glottal closure during [b] in French. Both sets 0 data point toward glottal openin
in [p] for English, and the acoustic data poian toward glottal opening in [p] in both English an
French.

In terms than of glottal gesture we have [plangand [plpr sharing the same goal of opening, and [blEng
and [blpr the goal of closure. This corresponds to the more abstract phonological arrangement in
the two langua es — two ob‘ects, not three So, the system ado ted in the phonology continues at
least as far as ysical glotta esture, taking in motor control a ong the way because opening and
closure woul not occur w-it out the appropriate motor control of the coordinative structures
involved.
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I
What remains then is to account for the different behaviour of the two languages at the acoustic level ‘
compared with their behaviour at the articulatory gstural level. At this point we turn to the theorfi
of ooarticulation. The delay in vocal cord vibration onset followin the release of [p153 is a we i
documented aerodynamic effect (described above). Based on this exp anation we also ex ta similar
delay to occur following “315118. But this is not what happens. Neither does it happen for PlFr or [blpn

The dam ing of glottal vibration during the closure phase of [blan is also the rault of the aerody-
namics o? the system: as the supraglottal air pressure rises towar s the value of the su lottal air
pressure, vocal cord vibration wrll tend to decrease in amplitude and then stop altogether. imilarly
we would expect early failure of vibration during the closure [b]F|-. But this is not what happens: it
carries on, often throughout the closure.

50 (plan; is not the same as [pan and [blEng is not the same as [blFr except at the superficial acoustic
leve . If they were the same the aerod namic constraints laced on both would produce similar
acoustic results. But having concluded t t there mustbe a ifference it is clear that itdoes not reside
in the planned glottal gestures — those seem to be the same for both languages.

So,we leave our data with the following observations for /p/, [p], /b/ and [b] in word-initial context
in English and French:

PEng — PFr

- phonology— identical

I gestural plan — identical

0 acoustic signal — different

bEng— bFr

- phonology— identical

- gestural plan — identical

- acoustic signal — different

bEng — PFr

0 phonology —different

0 gestural plan — different

0 acoustic signal — identical

5. PLANNING, AND SUPERVISION OF EXECUTION

In my proposed revisions to the theory, planning in speech production is about specifying the
DYNAMIC SPEECH SCENARIO. In ARTICULATORY PHONOLOCY gestures are marshalled With the timing
relatiorships to ensure that subsequent taskdynamic processm results in an acoustic signalenabling
perceptual recovery of the gestures and the gestural p an Ill]. e REVISEDMOTOR THEORY [13] is the
corresponding theory of speech perception.

The data resented in this paper is not, however, consistent with the notion that the gestural plan can
be carri through from its a stract level to the ph sical articulatory level, allowing simple nan-co -
nitr'vely based coarticulatory effects to explain w y unexpected acoustic signals arise. Althou
ARTICULATORY PHONOLOCY implies that a carry though is possible, it does not provide the basis or
explaining the acoistic facts. But because task dynamics cannot modify its procedures, the burden
of explanation must rest with ARTICULATORY PHONOUOGY or with an additional external component.
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Furthermore, in the TASK DYNAMIC MODEL coarticulation is modelled as gstuml Dryer-ins [14]. This
implies a source external to the model to guide some coarticulatory processes.

[The full detail of the action is not specified internally to the model, but actions do have internal,
private characteristics. These characteristics are not externally sourced every time the action is
performed]

Gestural layering (visible in the estuml score— Fig.3) cannot, however, come at the deepest level
of planning: placm it there Is in a loss of generalisation. The example from our data would be
that to represent p/En with gestural layering to explain the subsequent long VOT, and not to
repraent / p/ 1:. similar y, would destroy the transparency of the functional similarity of the
segmean in their respective languages. It also mova a process belonging to the ph sical sta of
speech production into the plaruiin stages —un155 it is held that all coarticulation is plann . The
othera roach is to model coarticu ation as internal to the task dynamic process, but which may be
externaglg' supervised.

An early work on coarticulation [15], based in a less d namic, segmentally-oriented theory, mod—
elled coarticulation as a two-layer process. Using / k in English as an example, I claimed that it
seemed 'appropriate to talk of the esture /k/ on which are superimposed certain coarticulation
effects due to a predictable physio ogical constraint’. This type of coarticulation which had been
identified earlier [16] was not of linguistic origin and not phnned. The reason for claimin that it is
not planned is that the non-linguistic, non-cognitive constraints are closely ahered to, an with no
intervention. But I go on to identify circumstances in which this language-universal coarticulation
can be constrained or use in a language-specific way —-and that is plannin . There is thus a need
to model co itioel source! supervision of a wholly physical phenomenon. honolo should not
model the etail c this supervision —- it is not art of what a speaker wants the physical system to
do, it is part of how the speaker wants the physical system to carry out planned requirements'.

Translating this into contemporary terminology: the TASK DYNAMIC MODEL performs better if, in
addition to an underlying gestura plan, it receives an input from an external component with a
supervisory role. The supervise component is responsible for overseeing the DYNAMIC SPEECH
SCENARIO which will unfold u er the control of the TASK DYNAMICMODEL.

This point has been argued very stron 1y [17] in connection with modelling the causes of observed
variations in articulatory reCision. e argued that it is not ossible to explain why precision of
articulation variesdurin t ecourse of utterances simply from t e underlying phonology (incurrent
terms, the estural score and a-linguistic coarticulatory phenomena. The coarticulation supervisor
was intr uced to take account of predictions based on a model of perception, running cotempora-
neously, to determine areas of an utterance which required increased articulatory precision. The
model of speech production current at the time was the predecessor to ARTICULATORY PHONOLOGY
and the TASKDYNAMICMODEL. This particular model involved very high level corn utation ofmany
aspects of motor control which are now (thanks to Fowler [8]) more correctly mode led as properties
of ow-level coordinative structures. But the roposal that there is more to speech production than
the unsupervised execution of a plan still m es sense.

It would destro the simplicity ofARTICULATORYI’HONOLDGY and the elegance of the TASK DYNAMIC
MODEL if we tried to extend either in an unprinci led way to cover the apparent anomalies of the
data cited here. Having different gestural scores or Ip/Eng and /p/1=. would obscure the insight
that the two ob' ts function sirnilarly in the two languages, and attempting to assign different
behaviours to t e coordinative structures involved in vocal cord setting for different languages
would destroy the important or anism-oriented a-lin istic stance of the TASK DYNAMIC MODEL A
supervisory component is n ed, separater identified, but incorporated into ARTICULATORY
PHONOLOGY.
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Fiat 3 Gestural scores for French Una panne and une ban/re (33), and for English a pan and a ban (Sb). asmight be proposed by ARTICULATORV PHONOLOGY.
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Fig 4 Alternative gestural scores for French une par-me and une Dunne Ma). and for English a pan and a

ban (db), showing the periods (the black bars! when the cognitively driven external supervisor intervenes

to block potential errors In 4a supervision prevents vocal cord vibration delay following the release ol [9]

in une penny, and in une [Janna prevents loss ol vocal cord vibration during the voice olosive [b]. and also

delay in vibration onset lor the vowel. ln 4b supervision prevents vocal cord vibration delay following the

release of [bl in a ban.
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6. GESTURAL SCORES

As an illustration of some of the ideas presented here, let us look at the gestural scores which
ARTICULATORY PHONOLOGY might propose for the data described earlier. Fig.3a is how Brow-man
and Goldstein might present the gestural scores for the French unelpanne and mi: bovine, and Fig.3b
is what the gutural scores for English a pan and a ban might look 1' e.

If we compare Figs.3a and 3b we find that in all four scores, by usin gestural layering, provision is
made for velar coarticulation resulting in nasalitg' toward the end 0 t e vowels preceding [n] — N.
The score representation here is by analo wit scars already given b Browman and Goldstein
[6] for English pan and ban, and is a clear Indication that they regard this ty of coarticulation as
planned into the articulation. On this point I disa ee: this is precisely the 'nd of unsu ervised
coarticulation which does not require information out oubide the TASK DYNAMIC MODEL t is also
gradser the type of coarticulation which, because it has no linguistic significance, is not recovered
ter during perceptual processing.

Note that the scores for purine and pan differ in that pan has glottal opening extending significantly
beyond the end of bilabial closure — this is to account for the VOT fo owin'gl the release. ince there
is no VOT in French the glottis becoma closed for vocal cord vibration sim taneously with the end
of bilabial closure. Thus functional similarity between /p/£ng and /p/1=, becomes opaque and the
score cannot capture an important fact of t 9 languages. The score ends up prompting the TASK
DYNAMIC MODEL where it is not necessary.

Figs.4a and 4b illustrate alternative gestural scores, this time marking (with a black bar) where a
cognitiver driven external supervisor would ste in to constrain subsequent errors which would
be generated by the TASKDYNAMIC MODEL, and w ich might potentially result in erceptual failure.
Note, thou h, that the velar coarl'iculation is not included — task dynamics wi take care of this
automatica ly: planning is superfluous. In addition the gesturalscores for /p/E and [p/F, are
shown as identical, as are those for /b/Eng and lb/Fr — thus capturin functiona similarity. The
solid black bars added to three of the gestural scores indicate where an when the supervisor must
stag in to exercise local control over the DYNAMICSPEECHSCENARIO to prevent serious output errors,
an to mark constrained coarticulation which is linguistically significant. This is information which
will be recovered during perception, so should figure in the gestural score.

No supervision is required (for the glottal opening parameter on which we are focusin ) for £5"
— VOT is allowed. But supervision is required for pp, — VOT must be prevented. Similar y for tfi
hp: and b5. VOT must be revented, so the plan instructs the supervisor to ste in. Notice, thou h,
that by. is different from an in the supervision of glottal closure durin [b . It is important §or
French that not only should there be no VOT following the release of the ], but there must be an
attempt to produce vocal cord vibration throughout the stop. In English, however, vocal cord
vibration during the stop phase is not of linguistic significance and Will not be recovered during
perceptual processing— so it can be allows! to fail.

In all cases where supervision is indicated on the score there is a plan to employ the su ervisor —
but the score does not say how the supervisor is to operate. The supervisor has cognitive owledge
of how to manipulate the parameters of the TASK DYNAMIC MODEL to produce the necessary effects
to maintain phonological integrity and thus optimise the chances of perceptual success. Cognitive
supervision is necessary because theTASK DYNAMIC MODEL itself has no predictive ca city. ut this
knfowledge is itself irrelevant to the plan and to the perceptual recovery of signi cant gestural
in ormation.

7. CONCLUSION

ARTICUIATOIIY I’HONOLOCY and the TASK DYNAMIC MODEL of speech production have significantly
advanced our understanding of the relationship between the cognitive and physical aspects of
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s h roduction. But they do not handle well the subtle manipulation of constraints within the
p ysica processing, when this manipulation is for clear linguistic urposes. This is not a matter of
plannin tasls to produce acoustic goals, but of manipulating inbuilt constraints to achieve linguis-
tically sr ' cant task variants. I have argued in the past that it is important to separate this type of
process mm the usual phonological processes. And I have argued in this pa er that there is
something to be gained by adding a cognitive sifigvisory component to the co itlve planning and
physical execution com onents of the model. ' sug estion dog not shift t e locus of the TASK
DYNAMIC MODEL away mm the task, but enhances the etinition of the task itself.

7. REFERENCES

[1] N. Chomsky and M. Hallie (1968) The Sound Pattern of English. Harper and Row, New York

[21].]. Ohala and 1.]. Iaeger (eds) (1986) Experimental Phonology. Academic Press, London

[3] CF. Brownian and L. Goldsbein (1986) Towards an artlculato phonolog . In C. Ewan and J.
Anderson (eds) Phonology Yearbook 3. Cambridge University Press, mbridge, {9-252

[4] M.A.A. Tatham (1986) Towards a cognitive phonetifi. lournai of Phonetics 12, 37—47

[5] GP. Browman and L. Goldstein (1992) Articulatory phonology. an overview. Phanttica 49, 155—180

[6] CF. Browman and L. Goldstein (1993) Dynamics and articulatory phonology. Haskins laboratories
Status Reports on Speech Research, SR-113, 51—62

[7] E. Saltzman (1986) Task dynamic coordination of the speech articulators: a preliminary model. In H.
Heuer and C. From (eds) Generation and modulation of action patterns. Spnnger-Verlag, Berlin and
Heidelberg, 129-144

[8] CA. Fowler, P. Rubin, R.E. Remez and MT. Turvey (1930) Im lications for 5 ch roduction of a
will theory of action. In B. Buttervvorth (ed.) language Prod" ion. Academic ress, ew York NY,

20

[9] M.A.A. Tatham and K. Morton (1973) Electromyographic and intraoral air pressure studies otbilabiai
stops. language and Speech 16, 335-350

[10] K. Harris, G.F. Iéysau ht and MM. Schvey (1965) Some aspects of the production of oral and labial
stops. language and pee 8, 135-147

[11] L. Lisker and A5. Abramson (1964) A cross-language study of voicing in initial stops: acoustical
measurements. Word 20, 384-422

[12] CA. Fowler and LD. Rosenblum (1991) The rception ot’ phonetic gestures. In LG. MattinEgiy and
M. Studded-Kennett (eds) Modularity and the am Theory of Speech erception. Lawrence r aum
Associates, Hillsdale J, 33—59

[zllallAélgl Liberman and LG. Mattineg (1985) The motor theory of speech perception revised. Cognition

[14] CF. Browman and L. Goldstein (1990) Tiers in articulatory phonol y, with some implications for
casual s h. In J. Kin ston and M. Beckman (eds.)Papm in laborato P analogy I: Between the Grammar
and the hysiis ofSpeec .Cambriclge University Press, Cambridge,“ -376

[15] M.A.A. Tatham (1971) Classifying allophones. language and Speech 14, 140-145

[16] S. Ohman (1966) Coarticulation in VCV utterances: spectrographic measurements. journal of the
Acoustical Society of America 39, 151-168

[17] M.A.A. Tatham and K. Morton (1980) Precision. Omasianai Papers 23, Linguistics Dept, Fssex
University, 107—116

Proc.I.O.A. Vol 16 Part 5 (1994) 131

 



 

   

  
 

Proceedings of the Institute of Acoustlcs

   132 Proc‘l.O.A. Vol 15 Part 5 (1994)


